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Abstract: Homology among 11 flaviviruses was compared by nucleotide sequence of 
genomic RNAs and deduced amino acid sequences of viral proteins. Overall amino acid 
homology was higher among the viruses in the same (66-- 9090) than those in different 
subgroups (39— 51%). In a subgroup consisting Japanese encephalitis (JE), West Nile (WN), 
Kunjin (KUN), Murray Valley encephalitis (MVE), and St. Louis encephalitis (SLE) viruses, 
homology of the core protein (C) was less than that of the envelope glycoprotein (E). 
Homology of the nonstructural proteins was also higher among the viruses belonging to the 
same than those in different subgroups. The results suggested that selection by the 
neutralizing antibodies was not the determinant factor for the evolution and differentiation 
of these viruses. High homology of №3 and particularly NS5 nonstructural proteins than 
other viral proteins indecated thier vital role in viral replication process. Nucleotide se- 
quence homology in the 3'— and 5'—noncoding region did not reflect serological relation- 


ships of flaviviruses, although several conserved sequences were present in these regions. 
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INTRODUCTION 


Family Flaviviridae (Westaway et al., 1985) contains more than 60 members of animal 
viruses, which were classified into 8 serological complexes or subgroups by cross — neutraliza- 
tion using polyclonal antisera (Porterfield, 1980; de Madrid and Porterfield, 1974; Calisher ef 
al., 1989). Most of flaviviruses are transmitted among susceptible virtebrates by 
hematophagous arthropods in nature, therefore, arthropod — borne vertebrate viruses, or ar- 
boviruses (Berge, 1975). Many flaviviruses have been recognized as disease agents of medical 
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or veterinary significance (Shope, 1980; Monath, 1986), such as yellow fever (YF), Japanese 
encephalitis (JE), dengue fever (DEN), Murray Valley encephalitis Tones St. Louis 
encephalitis (SLE) and tickborne encephalitis (TBE). 

After nucleotide sequence and deduced amino acid sequence of YF (RICE ef al., 1985) 
and West Nile (WN) viruses (Castle e£ al., 1985, 1986; Wengler et al., 1985) were analyzed, 
genomic RNA of several other fiaviviruses were completely or partially sequenced. These 
results showed a common feature of flavivirus genomic organization in a linear single-strand- 
ed and positivesense RNA of about 11,000 nucleotide residues (Westaway ef al., 1985; Rice 
et al., 1986). The genomic КМА consists of 5'—noncoding region of approximately 100 
nucleotides, followed by a single long open reading frame encoding a polyprotein of about 
3,500 amino acid residues and 3'—noncoding region of approximately 500 nucleotides 
without poly(À) tract. The 5' — one-fourth of the open reading frame encodes 3 structural pro- 
teins in the order of: core protein (C), precursor (PreM) of membrane protein (M), and 
envelope glycoprotein (E). While, remaining part of the open reading frame encodes 7 
nonstructural proteins: NS1, ns2a, ns2b, NS3, ns4a, ns4b and №5 according to the 
nomenclature of Rice et al. (1985). Recently, 4 small nonstructural proteins, ns2a, nsZb, ns4a 
and ns4b were designated as №2А, NS2B, NS4A, and NS4B, respectively, according to dif- 
ferent cleavage sites of Val—X-— Ala tripeptide by host signal peptidase (von Heijne, 1985; 
Speight e£ al., 1988). 

Recent genomic analysis of правно (Collet et al., 1988а, b, c, 1989; Meyers et al., 
1989) and hepatitis C virus (Choo et al., 1989; Okamoto ef al., 1990) showed that these 
viruses possess common genomic organization with that of flaviviruses; that is a single long 
open reading frame with structural protein genes in its 5’—side and nonstructural protein 
genes in its 3’—side, respectively. | 

In this report, homology among 11 flaviviruses were compared by nucleotide sequence 
of genomic RNAs and deduced amino acid sequence of viral proteins, in order to obtain the 
idea on the degree of homology in relation to classical serological relatedness of the viruses. 
Homology was shown by percentage instead of the score which was used in our previous 
report (Haishi et al., 1990). 


MATERIALS AND METHODS 


Sources of the nucleotide and deduced amino acid sequence informa- 
tions: Flavivirus sequence data were obtained from following publications: YF (Rice е? al., 
1985); WN (Castle e£ al., 1985, 1986; Wengler et al., 1985); MVE (Dalgarno et al., 1986); SLE 
(Trent e£ al., 1987); JE(Sumiyoshi et al., 1987); Kunjin (КОМ: Соја et al., 1988); type 1 DEN 
(DEN1: Mason et al., 1987); type 2 DEN (DEN2: Hahn et al., 1988; Deubel et al., 1988); type 
3 DEN (DENS: Osatomi, 1988); type 4 DEN (DEN4: Mackow et al., 1987; Zhao et al., 1986); 
TBE (Mandl et al., 1989):. | 
| Comparison of nucleotide and amino acid sequences: Virus genomic RNA se- 
quences were divided into each gene according to Rice et al. (1985), excepting ns2a and ns2b 
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genes which were divided as NS2A and NS2B accoring to Speight et al. (1988). Since dif- 
ferent flaviviruses possessed somewhat different numbers of nucleotides in each gene, their 
nucleotide and amino acid sequences were compared after alignment to get maximal mat- 
ching. This procedure was carried out by the Hitachi DNASIS Version 6.0 software system 
1989 for all 11 flaviviruses, homology was presented by percentage. 


RESULTS 


Comparative nucleotide and amino acid sequences of flaviviruses: Results 
on each flavivirus gene coding region were shown in Fig. 1—6, in which nucleotide sequence 
homology was shown in left-lower half and amino acid homology in right-upper half, respec- 
tively. Nucleotide and amino acid homology of the structural and nonstructural protein gene 
was shown in Fig. 7, and overall amino acid homology in Fig. 8, respectively. 

In general, homology of nucleotide sequence paralleled with that of deduced amino acid 
sequence. Viruses belonging to the same subgroup showed higher homology than those 
belonging to different subgroups. Homology of the E protein, the major protective antigen of 
flaviviruses, was 71—93% for JE-WN—-KUN-MVE- SLE subgroup and 61—76% for 
D1—D2-—DS3-—D4 subgroup. While the figure was 38—51% for those of different subgroups. 
Similar tendency was observed for the C and PreM or M proteins; the C protein amino acid 
homology was 57—89% in JE-WN—KUN-MVE- SLE subgroup and 54—77% in 
D1—D2-D3-D4 subgroup, while the figure was «3096 —3796 for different subgroups. 
Thus, homology of the C protein was lower than that of E protein in JE- WN— 
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Fig. 1. Nucleotide and amino acid sequence homology of C and PreM proteins. 
Figures in the left lower hald show nucleotide and in the right upper half amino acid 
sequence homology, respectively. 
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Fig. 2. Nucleotide and amino acid sequence homology of M and E proteins. 
Figures in the left lower half show nucleotide and in the right upper half amino acid 


sequence homology, respectively. 
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Fig. 3. Nucleotide and amino acid sequence homology of NS1 and NS2A proteins. 
Figures in the left lower half show nucleotide and in the right upper half amino acid 


sequence homology, respectively. 
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М53 protein 
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Fig. 4. Nucleotide and amino acid sequence homology of NS2B and №3 proteins. 
Figures in the left lower half show nucleotide and in the right upper half amino acid 


sequence homology, respectively. 
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NS4B protein 
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Fig. 5. Nucleotide and amino acid sequence homology of NS4A and NS4B proteins. 
Figures in the left lower half show nucleotide and in the right upper half amino acid 


sequence homology, respectively. 
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NS5 protein. 
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Fig. 6. Nucleotide and amino acid sequence homology of №5 proteins. 
Figures in the left lower half show nucleotide and in the right upper half amino acid 


sequence homology, respectively. 
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Fig. 7. Amino acid sequence homology of structural and nonstructural proteins. 
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Fig. 8. Amino acid sequence homology of the overall coding region. 
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Fig. 9. Nucleotide sequence homology of 5'— and 3' — noncoding regions. 
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KUN-MVE-SLE subgroup, while, the difference between these figures in 
D1—D2-D3-D4 subgroup was less remarkable. Amino acid homology of PreM protein was 
59—89% in JE- WN- KUN-MVE- SLE subgroup and 61—73% in D1—D2-D3-D4 
subgroup, respectively, while the figure was «3096 —4296 for different subgroups. The 
results in the M protein was almost the same as PreM protein. | 

Among nonstructural proteins, homology of NS3 and NS5 proteins was significantly 
higher than other proteins. In JE- WN — KUN subgroup, these two proteins showed 
80—92% and 81—94% amino acid homology, respectively. These figures were 76—80% and 
71—78% in D2—D3—D4 subgroup, which were lower than the former but still higher than 
other in different subgroups: 44—64% and 55 6696, respectively. Amino acid homology of 
other nonstructural proteins less than those for NS3 and NS5, except WN — KUN combina- 
tion which showed exceptionally high homology of 89—97%, Amino acid homology of №1 
protein was 63—90% for JE- WN - KUN - MVE-SLE subgroup, 71— 73% for D2—D3—D4 
subgroup, and 40— 64% for different subgroups. The amino acid homology of other nonstruc- 
tural proteins was shown below: NS2A protein 63—98% in JE- WN-KUN - MVE-SLE 
subgroup, 34—38% in D2— D3— 04 subgroup, and <30% in different subgroups; 34 — 38% in 
D2—D3-—D4 subgroup, and <30% in different subgroups; NS2B protein 51— 97% in- 
JE-WN-KUN-MVE-SLE subgroup, 55—61% in D2—D3-—D4 subgroup, and 
<30%—35% in different subgroups; NS4A protein 77—94% in JE—WN —KUN subgroup, 
59—62% іп D2—D3—D4 subgroup, and <30%—43% in different subgroups; NS4B protein 
64—89% in JE- WN КОМ subgroup, 75—76% in D2—D3-D4 subgroup, and. « 3096 — 40% 
in different subgroups. | 

Amino acid homology data of the structural and nonstructural protein were summarized 
in Fig. 7. Homology of the structural proteins was 68—93% in JE- WN—KUN - MVE- SLE 
subgroup, 61—75% in D1—D2—D3—D4 subgroup, and 31—46% in different subgroups. The 
figure of the nonstructural protein was 76—93% in ЈЕ- WN-KUN subgroup, 69—73% in 
D2—D3-D4 subgroup, and 35—54% in different subgroup. Therefore, the structural and 
nonstructural protein showed almost similar homology percent in the same subgroup. 

These figures were summarized into overall amino acid homology as shown in Fig. 8: 
75—90% in JE-WN—KUN subgroup, 66—69% in D2—D3—D4 subgroup, and 39—50% in 
different subgroup, respectively. | 

Nucleotide sequence homology in the 5'— and 3'—noncoding regions was shown in 
Fig. 9. Homology of the 5’—noncoding region in JE- MV —SLE subgroup («3096 —6390) 
was significantly lower than those in coding regions, while the figure was higher in 
D2—D3-D4 subgoup (80—85%), and homology in different subgroups was <30% — 46%. 
Homology in the 3'—noncoding region was 71% in JE—WN, 76% in D2— D3, and 
<30%—57% in different subgroups. Thus, nucleotide sequence homology in noncoding 
regions did not reflect classical serological relationships although conserved sequences were 


present. 
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DISCUSSION 


Amino acid homology percent in coding regions generally paralleled to the similarities 
by classical serology. Higher homology of the E protein than the C protein in 
JE-WN-KUN-MVE —SLE subgroup suggests that the selection by neutralizing antibodies 
was not the determinant factor in the evolution and differentiation of these flaviviruses, sup- 
pose they have originated from common ancestor(s). This conjecture was supported by the 
fact that amino acid homology of the nonstructural proteins was almost the same as that of 
the structural proteins. Exceptionally high homology around 9096 between WN and KUN 

viruses may suggest that these viruses are more close to the different strains of the same 
| species than different viral species. Several strains of JE virus showed amino acid homology 
above 9396 as shown in accompanying paper (Tanaka et al., 1991). While, amino acid 
homology percent around 60— 7096 appear to indicate the membership in the same subgroup, 
and the percentage below 4096 in different subgroups of the Family Flaviviridae, respective- 
ly. These figures should be substantiated by further data. 
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